ABSTRACT. Contacts with sharp edges subject to oscillatory loading are likely to nucleate cracks from the corners, if the loading is sufficiently severe. To a first approximation, the corners behave like notches, where the local elastic behaviour is relieved by plasticity, and which in turn causes irreversibilities that give rise to crack nucleation, but also by frictional slip. One question we aim to answer here is; when is the frictional slip enveloped by plastic slip, so that the corner is effectively a notch in a monolithic material? We do this by employing the classical Williams asymptotic solution to model the contact corner, and, in doing so, we render the solution completely general in the sense that it is independent of the overall geometry of the components. We then re-define the independent parameters describing the properties of the Williams solution by using the inherent length scale, a procedure that was described at the first IJFatigue and FFEMS joint workshop [1] . By proceeding in this way, we can provide a self-contained solution that can be 'pasted in' to any complete contact problem, and hence the likelihood of crack nucleation, and the circumstances under which it might occur, can be classified. Further, this reformulation of Williams' solution provides a clear means of obtaining the strength (defined by crack nucleation conditions) of a material pair with a particular contact angle. This means that the results from a test carried out using a laboratory specimen may easily be carried over to any complicated contact problem found in engineering practice, and a mechanical test of the prototypical geometry, which may often be quite difficult, is avoided.
INTRODUCTION
ur aim is to provide a framework for the understanding of fretting fatigue for complete contacts, when the geometry of the contact itself and both the type and history of loading are completely general. We do this by studying only the extreme corners of the contact, and which we assume, for now, are both closed and adhered. The form of the contact and the loading then enter the solution only through the generalised stress intensity factors, I K , II K , defining the loading on a monolithic semi-infinite wedge. So, we begin by stating Williams' solution [2] for the stress at the tip of a semi-infinite sharp notch, of included angle in the solid of 2 , which shows that the state of stress may be written in the form       
where r is the radial distance from the notch tip, the angle  is measured from the notch bisector and taken to be positive in the counter-clockwise direction, the eigenvalues I  , II  , are the lowest roots of the equations sin 2 sin 2 0 
Williams' solution may be written in an alternative form that is more suitable for frictional contacts. The punch has an included angle  , and is in contact with a half-plane, as shown in Fig. 1 , so that the total included angle is 2     .
The contact interface lies along the line
, and is denoted int  , while the distance from the notch tip along the interface line is x . The direct   p x , and shearing   q x , interfacial tractions may therefore be written as
where compression is taken to be positive, and the generalised stress intensity factors calibrated along the interface line are denoted
, and are found from 
EDGE SEPARATION
illiams' solution displays a power law variation of the stress field with radial distance from the notch tip and expresses this as a series expansion, of which we consider only the first two terms; I K and II K . Because each term in the series is raised to a different power (except in the case of an edge crack when    ), the relative 
where it is now clear that 0 d has the physical significance of representing the boundary, in some way, between mode I domination and mode II domination of the stress field, whilst 0 G represents the magnitude of loading. Eq. (1) can now be re-written as
We now, as in Eq. (7) and (8), write out the direct   p x , and shearing   q x , tractions, but this time with the alternative formulation of the stress field, and we also, for compactness, use the shorthand
When the remote loads are such that the generalised stress intensity factors I K and II K , are of the same sign (either both positive or both negative), Williams' solution implies that the direct traction   p x , is of a different sign in the mode I and mode II dominated regions of the stress field. When I K and II K are both positive, there is implied separation at the edge of contact, but closure is implied further away from the contact edge. Conversely, when I K and II K are both negative, closure is implied at the edge of contact, but separation is implied to extend from the interior. It is particularly important in the latter case, to appreciate that a state of separation may not actually arise because, by the time the mode II solution dominates the mode I solution, the next term in the series, which has not been found, may be important . In any case, when the generalised stress intensity factors take on similar signs, the length along the interface at which Williams' solution implies that the boundary between separation and closure lies, based on violations of the condition   0 
REGIONS OF FRICTIONAL SLIP
o estimate the implied extent of slip, based on violations of the slip condition, the adhered interfacial tractions must be substituted into the slip condition     q x fp x   , where f is the coefficient of friction. This calculation reveals the position of all the implied boundaries between stick and slip within the edge region controlled by the asymptote, where we denote the distance from the corner to any point at which slip condition is just met as s
x . For simplicity, we begin by considering the case when I K and II K are both positive, such that a small region of edge separation is implied, with an adjacent slip region. Explicitly, the slip extent, 0 / x d , is given by
Plots of the implied slip extent (from Eq. (16) For the case when the remote loads excite stresses that result in a negative I K and a positive II K , the parameters 0 d and 0 G must be defined differently from Eq. (11), to avoid raising a negative number to a fractional power. Thus, we define a new parameter n n K K   , and substitute it in place of the negative stress intensity factor, so that, for example when I K is negative and II K is positive we have 
so that the direct   p x , and shearing   q x , are given by 
